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Abstract 

Introduction: Mild therapeutic hypothermia (MTH) is a worldwide used therapy to improve neurological outcome 
in patients successfully resuscitated after cardiac arrest (CA). Preclinical data suggest that timing and speed of 
induction are related to reduction of secondary brain damage and improved outcome. 

Methods: Aiming at a rapid induction and stable maintenance phase, MTH induced via continuous peritoneal 
lavage (PL) using the Velomedix" Inc. automated PL system was evaluated and compared to historical controls in 
which hypothermia was achieved using cooled saline intravenous infusions and cooled blankets. 

Results: In 16 PL patients, time to reach the core target temperature of 32.5°C was 30 minutes (interquartile range 
(IQR): 19 to 60), which was significantly faster compare to 150 minutes (IQR: 1 12 to 240) in controls. The median 
rate of cooling during the induction phase in the PL group of 4.1°C/h (IQR: 2.2 to 8.2) was significantly faster 
compared to 0.9°C/h (IQR: 0.5 to 1.3) in controls. During the 24-hour maintenance phase mean core temperature in 
the PL patients was 32.38 ± 0.1 8°C (range: 32.03 to 32.69°C) and in control patients 32.46 + 0.48°C (range: 31.20 to 
33.63°C), indicating more steady temperature control in the PL group compared to controls. Furthermore, the 
coefficient of variation (VC) for temperature during the maintenance phase was lower in the PL group (VC: 0.5%) 
compared to the control group (VC: 1.5%). In contrast to 23% of the control patients, none of the PL patients 
showed an overshoot of hypothermia below 31°C during the maintenance phase. Survival and neurological 
outcome was not different between the two groups. Neither shivering nor complications related to insertion or 
use of the PL method were observed. 

Conclusions: Using PL in post-CA patients results in a rapidly reached target temperature and a very precise 
maintenance, unprecedented in clinical studies evaluating MTH techniques. This opens the way to investigate the 
effects on neurological outcome and survival of ultra-rapid cooling compared to standard cooling in controlled 
trials in various patient groups. 

Trial Registration: ClinicalTrials.gov: NCT01016236 



Introduction 

Most patients who suffer a cardiac arrest (CA) do not 
survive, and full neurological recovery occurs in only 6 
to 23% [1]. Mild therapeutic hypothermia (MTH) is 
nowadays an established treatment to limit neurological 
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injury and to improve outcome in CA patients after suc- 
cessful resuscitation [2,3]- Based on two prospective 
clinical trials [2,3], the International Liaison Committee 
on Resuscitation has recommended that all unconscious 
adult patients with spontaneous circulation after out-of- 
hospital CA as a result of ventricular fibrillation should 
be cooled to 32 to 34°C for 12 to 24 hours [4]. Many 
techniques for inducing and maintaining hypothermia 
and for controlled re-warming have been described 
[5-7]. However, the rate of lowering body temperature 
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to achieve target temperature and the stability of target 
temperature during the maintenance phase still need to 
be optimized [3,4,8,9]. The clinical benefits of interven- 
ing in the process of ischemic and reperfusion injury 
using MTH are thought to be greatest when achieved as 
early and as fast as possible. Although pre-clinical ani- 
mal studies have shown beneficial effects of starting 
prior to or during early reperfusion with therapeutic 
hypothermia [10-12], translation of the approach of 
early cooling to humans is still difficult. Interestingly, 
Bernard et al. [8] found that a fast cooling rate of 1.6°C/h 
using rapid intravenous infusion of cold lactated Ringers 
solution, in 22 comatose patients following resuscitation 
from CA, was safe and effective. Compared to historical 
controls, outcome was significantly improved with no 
increase in complications. Howes et al. [13] achieved 
rapid induction of therapeutic hypothermia with a cool- 
ing rate of 3.0°C/h using convective-immersion surface 
cooling resulting in an excellent survival rate. In contrast, 
a faster decline in body temperature to 34°C appears to 
predict an unfavourable neurological outcome in a study 
by Haugk et al. [14]. Although (pre-) clinical studies 
strongly suggest that timing and speed of induction of 
MTH are related to reduction of secondary brain damage 
and improved outcome, translation to improved clinical 
care has not yet been established. 

As part of a multi-center trial, we tested a new appli- 
cation of MTH rapidly induced via peritoneal lavage. 
The equipment used is a modification of existing tech- 
nologies and standard techniques which are used on a 
daily basis in peritoneal dialysis and laparoscopic surgery 
[15]. The system is designed to induce, maintain and 
reverse MTH by continuous lavage of the peritoneal 
cavity with lactated Ringers solution. This article reports 
preliminary results on the safety and feasibility of indu- 
cing MTH using peritoneal lavage compared with con- 
ventional cold, intravenous infusion and cooling 
blankets. 

Materials and methods 

Patients in the peritoneal lavage group 

As part of a multi-center prospective observational 
study, we tested a new application to induce MTH 
using the Velomedix® Inc. automated peritoneal lavage 
(PL) system (San Francisco, CA, USA). The Velomedix 
automated PL system is an investigational device from 
the United States, limited by Federal (United States) law 
to investigational use. In our institute (VU University 
Medical Center, Amsterdam, The Netherlands), 16 
unconscious, mechanically ventilated patients with 
return of spontaneous circulation (ROSC) after CA 
requiring standard treatment with MTH were admitted 
to the ICU between November 2010 and July 2011, 
and included in the PL group. The research ethics 



committee of the VU University Medical Center, Amster- 
dam, The Netherlands, approved the study protocol and 
consent procedures. All patients provided written 
informed consent. 

We excluded patients less than 18 years of age, with a 
core temperature of less than 34°C upon presentation 
after ROSC, a history of abdominal surgery, peritonitis 
or currently undergoing peritoneal dialysis, active 
uncontrolled bleeding or coagulopathy, a known history 
of receiving thrombolytic medication in the previous six 
weeks (treatment with other anticoagulant medications, 
such as those required for percutaneous coronary inter- 
vention (PCI) or ST-segment Elevation Myocardial 
Infarction (STEMI) treatment, is not an exclusion), 
known significant concomitant illness with a life expec- 
tancy of less than one year, known enrollment in another 
study, or pregnant patients. Figure 1 shows patients 
screened for enrollment included or excluded for the PL 
hypothermia group in a flow diagram. Excluded patients 
received non-invasive MTH as part of the standard care 
for these patients. 

Sedation was maintained using intravenous adminis- 
tration of propofol and fentanyl, and shivering was trea- 
ted with fentanyl boluses when necessary, according to 
standard institutional procedure for post-resuscitative 
therapeutic hypothermia. An EndoTIP peritoneal access 
port (Karl Storz, Tuttlingen, Germany), commercially 
available for routine laparoscopic surgery access, was 
used for blunt (non-cutting) lateral dissection of abdom- 
inal wall tissue. The EndoTIP was used in combination 
with the Peritoneal Entry Indicator ((PEI), Karl Storz, 
Tuttlingen, Germany), a proprietary fluid reservoir that 
attaches to the proximal end of the EndoTIP. Entry into 
the peritoneal cavity was detected by observing the 
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Figure 1 Flow diagram showing patients screened for 
enrollment, included/excluded for the peritoneal lavage 
hypothermia group. Excluded patients received non-invasively 
MTH as part of the standard care for these patients. Mortality and 
survival rates at ICU discharge are incorporated in the flow diagram. 
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rapid drop of fluid from the PEI into the peritoneal cav- 
ity. Once entry was detected, the PEI was removed and 
a disposable peritoneal catheter was placed through the 
lumen of the access port. The access port was removed 
and the catheter was connected to the Velomedix sys- 
tem. The disposable peritoneal lavage catheter is a mul- 
tiple lumen device made from a dual lumen extrusion 
for fluid transfer with a floating third lumen for cavity 
pressure measurement. During hypothermic treatment, 
lactated Ringer's irrigation solution (Baxter, Deerfield, 
Illinois, USA) was continuously infused and extracted 
through independent lumens in the catheter. An eso- 
phageal temperature probe was inserted for continuous 
temperature monitoring and connected to the system to 
monitor the subject's temperature during the whole 
treatment. When a target temperature of 32.5°C was 
reached, the induction phase was automatically followed 
by maintenance of hypothermia for 24 hours. Once the 
maintenance hypothermic treatment time had elapsed, 
the subject was automatically, gradually warmed to nor- 
mothermic temperature at a predetermined rate of 0.5° 
C/h. After the subject's body temperature had returned 
to 36°C the peritoneal cavity was drained automatically 
by the system, the catheter was removed and the 
abdominal entry incision was sutured by the physician. 

Patients in the control group 

Prospectively collected data from historical post-CA 
patients with ROSC admitted to the ICU between July 
2008 and August 2010 and eligible for MTH served as 
controls. The control group consisted of 99 patients 
who were treated with our standard method of MTH 
using cooled saline intravenous infusion and cooled 
blankets (Cincinnati Sub-Zero Medical, Cincinnati, OH, 
USA) at the VU University Medical Center, Amsterdam, 
The Netherlands. In the control group, MTH was part 
of standard care; therefore, informed consent for this 
group was waived. After admission to the ICU, the 
patients were covered with cooling blankets and cooling 
was started. An esophageal temperature probe was 
inserted for continuous temperature monitoring. The 
induction phase, carried out until a target temperature of 
32.5°C was reached, was followed by the maintenance 
phase of 24 hours at a temperature of 32.5°C, after which 
controlled re-warming to 36°C was started. 

Data collection 

Prior to and during MTH treatment, details of the CA, 
initial vital signs (including core temperature), baseline 
ECG, initial lab work and temperatures were recorded 
in our patient data monitoring system for critical care 
(Metavision, iMDsoft®, Tel Aviv, Israel). Core body tem- 
perature was recorded continuously during induction, 
maintenance and the re-warming period of the MTH 



protocol. Maximum temperature variability during the 
maintenance period was calculated as the difference 
between the maximum and minimal temperature during 
24-hour maintenance. The mean coefficient of variation 
(VC) for temperature during the maintenance phase was 
calculated. The Glasgow Coma Scale (GCS) for each 
patient still alive at the time of hospital discharge was 
determined. Data on adverse effects, including shivering, 
mortality, pneumonia, sepsis, significant arrhythmia, 
renal failure, peritonitis and significant bleeding, within 
seven days of the procedure were collected through ret- 
rospective chart view. 

Statistical analysis 

We report continuous variables, which were not generally 
normally distributed, as medians with 25% to 75% inter- 
quartile ranges (IQR). Categorical variables are reported as 
counts and percentages. To test for significant differences 
between the two groups, we used the Mann- Whitney 
U test for continuous variables and the chi-squared test 
for categorical variables. A two-sided P <0.05 was consid- 
ered to indicate statistical significance. 

Results 

A total of 16 comatose patients successfully resuscitated 
from CA received MTH via PL. The PL group was com- 
pared to a control group consisting of 99 post-CA patients 
treated according to our standard MTH protocol. Table 1 
shows the characteristics and outcome of the patients 
enrolled, while Table 2 shows the cooling time and speed, 



Table 1 Patient characteristics and outcome 





Control 
group 

(n = 99) 


PL group 
[n = 16) 


P-value 


Gender, m/f 


76/23 (77/23) 


14/2 (87/13) 


0.65 


Age (years) 


65 (57 to 73) 


62 (57 to 69) 


0.47 


BMI (kg/m 2 ) 


25.4 (23.9 


26.6 (24.8 


0.19 




to 28.4) 


to 30.5) 




OHCA 


76 (77) 


14 (88) 


0.74 


Witnessed arrest 


63 (64) 


11 (69) 


0.86 


Presenting rhythm VF/vT 


43 (43) 


1 0 (77) 


0.49 


CAG 


36 (36) 


10 (77) 


0.24 


PCI 


21 (21) 


6 (38) 


0.37 


Length of stay at ICU (h) 


119 (75 


119 (77 


0.42 




to 231) 


to 164) 




Mechanical ventilation (days) 


4.0 (3.0 to 7.5) 


5.0 (4.0 to 9.5) 


0.38 


Survival at ICU 


46 (46) 


11 (69) 


0.38 


Neuro-outcome at discharge 


14.0 (10.0 to 


15.0 (13.5 to 


0.13 


(GCS) 


15.0) 


15.0) 





Continuous variables are median (interquartile range) and categorical 
variables are absolute counts in numbers (percentages). BMI, body mass 
index; CAG, Coronary angiogram; GCS, Glasgow Coma Scale; OHCA, out of 
hospital cardiac arrest; PCI, Percutaneous coronary intervention; PL, peritoneal 
lavage; VF, ventricular fibrillation; VT, ventricular tachycardia 
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Table 2 Mild therapeutic hypothermia timing and temperature data 




Control group 


PL group 


P-value 


First temperature measured (°C) 


35.0 (34.0 to 35.6) 


35.0 (34.9 to 35.7) 


0.14 


Induction: 








Start time (min) 


74 (52 to 1 30) 


169 (137 to 187)* 


0.0001 


Time to target temperature of 32.5°C (min) 


1 50 (1 1 2 to 240) 


30 (19 to 60)* 


<0.0001 


Cooling rate (°C/h) 


0.9 (0.5 to 1 .3) 


4.1 (2.2 to 8.2)* 


0.01 


Maintenance: 








Mean temperature (°C) 


32.4 (32.1 to 32.8) 


32.4 (32.4 to 32.5) 


0.28 


Lowest temperature (°C) 


31.2 (31.0 to 31.7) 


32.2 (32.2 to 32.3)* 


<0.0001 


Temperature <31°C, n {%) 


23 (23) 


0 (0) 


0.066 


Temperature variability (°C) 


0.45 (0.38 to 0.70) 


2.20 (1.70 to 3.05)* 


<0.0001 


Re-warming: 








Duration to reach 36.5°C (h) 


15.7 (11.0 to 23.0) 


12.8 (10.0 to 14.8)* 


0.005 



Continuous variables are median (interquartile range} and categorical variables are counts (percentages). PL, peritoneal lavage. *P <0.05 Lavage versus Control 
group. 



and temperature data. All patient characteristics and the 
outcome parameters, length of stay at ICU, days on 
mechanical ventilation, survival at ICU and neurological 
outcome at discharge were comparable between the PL 
and control group (Table 1). 

Initial body temperatures were similar between both 
groups (Table 2). Two out of 16 PL patients were 
excluded from analysis of temperature parameters 
because of malfunction of the equipment during the 
beginning of the maintenance phase. Cooling was 
initiated after admittance to the ICU. Patients in the PL 
group reached core target temperatures of 32.5°C signif- 
icantly faster compared to controls; 30 (IQR: 19 to 60) 
versus 150 (IQR: 112 to 240) minutes, respectively. A 
median cooling rate of 4.1°C/h (IQR: 2.2 to 8.2) in the 
PL group was significantly faster compared to 0.9°C/h 
(IQR: 0.5 to 1.3) in control patients. In the PL group, 
cooling started within 169 minutes (IQR: 137 to 187) 
after arrival at the hospital, which is significantly longer 
compared to the control group. During the 24-hour 
maintenance phase mean core temperatures were not 
different between the groups (Table 2 and Figure 2). 
However, the largest difference between the minimum 
and maximum temperature during the 24-hour mainte- 
nance phase was significantly less in the PL group (0.45° 
C with IQR: 0.38 to 0.70) compared to the control 
group (2.20°C with IQR: 1.70 to 3.05, Table 2 and Figure 
2). Also, the coefficient of variation (VC) for tempera- 
ture during the maintenance phase was lower in the PL 
group (VC: 0.5%) compared to the control group (VC: 
1.5%). None of the patients in the PL group showed an 
overshoot of hypothermia below 31°C. However, 23% of 
the control patients displayed core temperatures below 
31°C during maintenance, indicating a more steady 
maintenance phase in the PL group compared to the 
controls. The re-warming phase in control patients was 



significantly longer compared to PL patients (15.7 versus 
12.8 hours, respectively). 

In the PL group, no adverse events or complications 
related to insertion of the catheter were observed. 
Device-related skin complications, shivering during 
MTH, bleeding, peritonitis, pneumonia, sepsis or the 
need for hemodialysis in the period after MTH was not 
different between the control and PL group (Table 3). 
No significant difference was observed in serum creati- 
nine levels between the control and PL groups during 
the induction, maintenance or re-warming phases of 
MTH (Table 4). Hematology parameters (Table 4) 
showed that leukocyte, thrombocyte, PT and aPTT 
serum levels were not different between the control and 
PL groups throughout the MTH treatment. In both con- 
trol and PL groups, leukocyte levels were lower during 
the maintenance phase and both leukocyte and throm- 
bocyte levels were lower during the re-warming phase 
compared to the induction phase. Hemoglobin and 
hematocrit levels were higher in the PL group compared 
to the control group during the induction phase, 
unchanged during maintenance and decreased only dur- 
ing re-warming in the PL group. Also, aPTT decreased 
in the PL group during the re-warming compared to the 
induction phase. Gastro-intestinal problems or massive 
inflammatory reaction were not observed in any of the 
PL patients. However, note that the number of enrolled 
patients is probably too low to detect complications 
related to prolonged cooling of the gut. 

Discussion 

The present study investigated for the first time the 
safety and feasibility of rapid induction of MTH via 
peritoneal lavage using the Velomedix® automated PL 
system in CA patients after successful resuscitation. We 
demonstrate that PL is an ultra-rapid and safe cooling 
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Figure 2 Temperature control during 24-hour maintenance phase of therapeutic hypothermia. (A) Maximum, minimum and mean 
temperature during the 24 hour maintenance phase of PL and control groups. Data are mean ± SD. White bars are controls and black bars are 
PL (Lavage) groups. *P < 0.05 PL versus control group. (B) Temperature variability, calculated as difference between maximum and minimum 
temperature per patient, during the 24-hour maintenance phase in control and PL patients. *P < 0.05 PL group versus control group. 



Table 3 Complication rates 



Clinical condition 


Control group 

(n = 99) 


PL group 
(n = 16) 


Device related skin complications 


3 (3%) 


0 (0%) 


Shivering (one or more episodes) 


2 (2%) 


1 (6%) 


Bleeding requiring transfusion 


4 (4%) 


1 (6%) 


Peritonitis 


0 (0%) 


0 (0%) 


Pneumonia 


4 (4%) 


1 (6%) 


Sepsis 


7 (7%) 


1 (6%) 


Acute renal failure requiring hemodialysis 


14 (14%) 


3 (19%) 



All values are No. of patients and (%). 



technique for reaching and maintaining post-CA 
patients at a target temperature of 32.5°C for a period of 
24 hours. The main findings were as follows: (i) PL 
resulted in a significantly faster time to reach core target 
temperatures of 32.5°C; (ii) patients in the PL group 
showed less variation in temperature during the 24-hour 
maintenance phase; and (iii) the PL group had a signifi- 
cantly shorter and more controlled re-warming phase 
compared to control patients who were cooled with saline 
intravenous infusion and cooled blankets. Furthermore, in 
our cohort no serious complications related to the therapy 
and procedure were observed. 
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Table 4 Laboratory values 



Induction phase 



Maintenance phase 



Re-warming phase 

PL group 



Control group PL group Control group PL group Control group 



Hematology 

Leucocytes (10 9 /l) 

Thrombocytes (10 9 /l) 

Hemoglobin (mmol/l) 

Hematocrit 

PT (sec) 

aPTT (sec) 

Renal function 

Serum creatinine (umol/l) 



15 (12 to 19) 
207 (168 to 249) 

7.5 (6.5 to 8.6) 
0.35 (0.31 to 0.42) 
1.32 (1.19 to 1.57) 

74 (43 to 1 64) 

96 (78 to 1 25) 



14 (11 to 16) 
259 (217 to 288 
8.7 (8.3 to 9.2)* 



12 (9 to 15)t 
192 (155 to 227) 
7.4 (6.5 to 8.5) 



10 (9 to 13)t 
197 (183 to 248) 
8.2 (7.5 to 8.8) 



10 (8 to 13)t 
149 (116 to 205)t 
7.1 (6.3 to 7.8) 



0.40 (0.39 to 0.44)* 0.36 (0.31 to 0.41) 
1.23 (1.20 to 1.51) 1.30 (1.20 to 1.52) 



0.37 (0.35 to 0.40) 0.35 (0.31 to 0.38) 
1.16 (1.15 to 1.28) 1.34 (1.22 to 1.54) 



107 (79 to 240) 
96 (89 to 99) 



83 (50 to 1 1 1 ) 
89 (62 to 1 34) 



87 (50 to 109) 
92 (79 to 105) 



68 (55 to 86) 
1 00 (65 to 1 55) 



9 (8 to 11)t 
167 (152 to 196)t 
7.7 (6.8 to 8.3)t 
0.34 (0.33 to 0.38)+ 
1.25 (1.21 to 1.60) 
76 (69 to 89)+ 

113 (78 to 151) 



Continuous values are presented as median (interquartile range). Parameters are presented as average for each therapeutic hypothermia phase. * P < 0.05 versus 
corresponding control group, + P < 0.05 versus corresponding group in induction phase. 



Over the past decade several randomized- and histori- 
cal-controlled trials have shown beneficial effects of 
MTH on neurological outcome and survival in patients 
after CA [2,3.16-19]. However, these trials have not yet 
shown clear evidence for the optimal timing of initiating 
MTH, rate of cooling and time to reach the target tem- 
perature after CA. So far, the benefits of early or rapid 
cooling have only been demonstrated in animal models 
testing the effects of brief periods of therapeutic 
hypothermia. These studies showed that even a minor 
temperature decrease before, during or immediately 
after the time of cardiac arrest was associated with ben- 
efits in neurological outcome [10,20-22]. Although no 
prospective randomized clinical trials have assessed the 
effect of time to reach target temperature on neurologi- 
cal outcome, there are signs that support a benefit to 
rapid cooling. Wolff et al. [23] studied rapidly cooled 
patients, using an endovascular device, and showed that 
the time to target temperature was an independent pre- 
dictor of good outcome. Although underpowered, recent 
clinical trials of rapid cooling devices have shown trends 
towards survival benefit [24] and improvement in 
patient outcomes compared to historical controls [13]. 
Kory et al. [25] published a fast cooling method, using a 
combination of core and surface cooling modalities 
without the use of a commercial device, which resulted 
in a cooling rate of 2.6°C/h. Moreover, cooling via gas- 
tric lavage is a technique used to achieve rapid cooling 
of hyperthermic patients [26]. Unfortunately, none of 
these cooling methods seem to be superior in generating 
an ultra-rapid cooling speed. Merchant et al. [27] have 
expressed concern that temperature overshoot below 32° 
C may be associated with adverse hemodynamic and 
arrhythmic effects. In our study we showed that in con- 
trast to 24% of the control patients, none of the patients 
in the PL group reached temperatures below 31°C. 

Recently, Haugk et al. [14] reported a retrospective 
analysis of 13 years of therapeutic hypothermia patients, 



suggesting a surprising association between faster cool- 
ing rates and less favourable neurological outcomes. The 
authors suggested that their findings might well imply 
that greater neurological injury is predicted by more 
rapid achievement of cooling during therapeutic 
hypothermia, rather than rapid cooling itself being 
inherently harmful. In patients with poor neurological 
outcomes, the initial temperatures were significantly 
lower before therapeutic hypothermia was started, sug- 
gesting that these patients already show some degree of 
impaired thermoregulation. Alternatively, it appears that 
sicker patients lack homeostatic mechanisms to main- 
tain normothermia and, therefore, cool faster. In our 
study, temperatures at the start of cooling were not dif- 
ferent between the two groups. The five-times faster 
cooling rate in the PL group (4.7°C/h) compared to the 
control group (0.9°C/h) can, therefore, not be attributed 
to impaired thermoregulation. 

Limitations 

This study, reporting on the first experience with a new 
technique at a single institution, is a controlled trial, but 
with the use of historical controls. Selection bias is pre- 
sent in this study due to the exclusion of patients with a 
history of abdominal surgery and the inclusion of a rela- 
tively small number of patients. Therefore, our results of 
ultra-fast cooling via PL may not be translated directly 
to other hospitals. 

Also, the time interval from hospitalization to target 
temperature is mainly dependent upon team organiza- 
tion and the technique used to induce MTH. On aver- 
age, it took 168 minutes after hospitalization to start 
with the cooling therapy and after cooling was started 
only 30 minutes to achieve the target temperature in the 
PL group. The time to initiation of cooling was longer 
in the PL group compared to the control group, but tar- 
get temperature was reached much faster than in the 
controls. This can be explained by the period needed to 



de Waard ef al. Critical Care 2013, 17:R31 
http://ccforum.eom/content/1 7/1/R31 



Page 7 of 8 



obtain informed consent from a legal representative, 
which is necessary for the PL patients. Secondly, inser- 
tion of the PL catheter by a physician is at present 
somewhat longer then applying cooled intravenous infu- 
sion and blankets on the patient as used in the control 
group. Apparently, there is still a great potential to 
further optimize the period between hospitalization and 
the start of cooling and thereby speed up the whole PL 
procedure. One might initiate PL in the emergency 
room, requiring, however, reorganization and in depth- 
training of the cardiopulmonary resuscitation team. In 
this study, we decided to test this new technique in a 
controlled setting in the ICU. When this technique is 
applied as a routine technique in the future, the timing 
delay to start cooling will not be an issue. Finally, some 
bias could have occurred in the patient population of 
the PL group due to strict exclusion criteria. However, 
patient characteristics were equal between control and 
PL patients. 

Applications 

So far, only animal studies have shown benefits of faster 
cooling rates; translation to clinical care has not yet 
proved these benefits. Nowadays, one of the greatest 
challenges is the introduction of rapid cooling methods 
achieved in laboratory animals to human subjects, with 
the hopes of observing similar therapeutic benefits. The 
results of the present clinical study showed that PL 
resulted in an extremely fast cooling rate and steady 
maintenance phase during MTH therapy. These obser- 
vations provide a unique opportunity to investigate the 
effects of ultra-rapid cooling on neurological outcome 
and survival in prospective controlled trials in various 
patient groups; such as its use in emergent situations, 
where there is a possible benefit of inducing MTH prior 
to adjunct therapy, or in the case of percutaneous cor- 
onary revascularization to reduce infarct size following 
acute myocardial infarction. Furthermore, another group 
of patients who can benefit from ultra-rapid cooling are 
patients with acute neurological injuries, such as stroke. 

Conclusions 

This study shows the first experience with a novel tech- 
nique for induction of MTH. In a short period of time a 
substantial number of patients were included, which 
demonstrates the feasibility of this novel technique. The 
results demonstrate evidence for an extremely rapid, 
safe and feasible way of applying MTH via peritoneal 
lavage in a controlled ICU tting compared to historical 
controls. Whether this also holds in the emergency 
room or in a cardiology environment, during the acute 
post-cardiopulmonary resuscitation phase, remains to be 
determined. 



Key messages 

♦ Peritoneal lavage is an ultra-rapid technique to 
achieve mild therapeutic hypothermia in patients 
with ROSC after CA. 

• Peritoneal lavage shows a very stable temperature 
control during the 24-hour maintenance phase of 
MTH. 



Abbreviations 

CA: cardiac arrest; ECG: electrocardiography; GCS: Glasgow Coma Scale; ICU: 
intensive care unit; IQR: interquartile range; MTH: mild therapeutic 
hypothermia; PCI: percutaneous coronary intervention; PEI: peritoneal entry 
indicator; PL: peritoneal lavage; ROSC: return of spontaneous circulation; 
STEMI: ST-segment elevation myocardial infarction; VC: coefficient of 
variation 

Authors' contributions 

MW collected and interpreted the data, performed the statistical analysis 
and drafted the manuscript. HB, SB, YA, RD, KP, AG and AB participated in 
the study design. HB and AB performed the abdominal catheterizations and 
the experimental procedures. RD collected the data. All authors read and 
approved the final manuscript. 

Competing interests 

The authors declare that they do not have any competing interests. The VU 
University Medical Center, Amsterdam received a fee per included patient 
from Velomedix (manufacturer of the device and sponsor of the CAMARO 
clinical study). Velomedix did not finance this manuscript or data processing 
nor pay the article-processing charge to VU University Medical Center or any 
of the authors. 

Acknowledgements 

This study was supported by Velomedix®, Inc. VU University Medical Center, 
Amsterdam, received a fee per included patient from Velomedix 
(manufacturer of the device and sponsor of the CAMARO clinical study). 
Velomedix did not finance this manuscript or data processing nor pay the 
article-processing charge to VU University Medical Center or any of the 
authors. 

We would like to thank Ingrid van den Hul, Erna Alberts, Wilma Kamphuis, 
Saskia Keizer and the nursing and medical staff from the ICU for their 
cooperation. 

Author details 

department of Intensive Care, Institute for Cardiovascular Research, VU 
University Medical Center, De Boelelaan 1117, Amsterdam, 1007 MB, The 
Netherlands, department of Cardiology, Institute for Cardiovascular 
Research, VU University Medical Center, De Boelelaan 1117, Amsterdam, 
1007 MB, The Netherlands, department of Critical Care Medicine, University 
of Pittsburgh Medical Center, 3550 Terrace Street, 601 A Scaife Hall, 
Pittsburgh, PA, USA. 

Received: 16 August 2012 Revised: 26 November 2012 
Accepted: 14 February 2013 Published: 20 February 2013 

References 

1. Holzer M, Behringer W: Therapeutic hypothermia after cardiac arrest. Curr 
Opin Anaesthesiol 2005, 18:163-168. 

2. Bernard SA, Gray TW, Buist MD, Jones BM, Silvester W, Gutteridge G, 
Smith K: Treatment of comatose survivors of out-of-hospital cardiac 
arrest with induced hypothermia. N Engl J Med 2002, 346:557-563. 

3. Hypothermia after Cardiac Arrest Study Group: Mild therapeutic 
hypothermia to improve the neurologic outcome after cardiac arrest. N 
Engl J Med 2002, 346:549-556, Erratum in N Engl J Med 2002,346:1 756. 

4. Nolan JP, Morley PT, Vanden Hoek TL, Hickey RW, Kloeck WG, Billi J, 
Bdttiger BW, Okada K, Reyes C, Shuster M, Steen PA, Weil MH, Wenzel V, 
Carli P, Atkins D: Therapeutic hypothermia after cardiac arrest: an 
advisory statement by the advanced life support task force of the 



de Waard ef al. Critical Care 2013, 17:R31 Page 8 of 8 

http://ccforum.eom/content/1 7/1/R31 



International Liaison Committee on Resuscitation. Circulation 2003, 

108:118-121. 

5. Hoedemaekers CW, Ezzahti M, Gerritsen A, van der Hoeven JG: Comparison 
of cooling methods to induce and maintain normo- and hypothermia in 
intensive care unit patients: a prospective intervention study. Crit Care 
2007, 11:R91. 

6. Holzer M, Mullner M, Sterz F, Robak 0, Kliegel A, Losert H, Sodeck G, Uray T, 
Zeiner A, Laggner AN: Efficacy and safety of endovascular cooling after 
cardiac arrest: cohort study and Bayesian approach. Stroke 2006, 
37:1792-1797. 

7. Rana M, Schroder JW, Saygili E, Hameed U, Benke D, Hoffmann R, 
Schauerte P, Marx N, Rana OR: Comparative evaluation of the usability of 
2 different methods to perform mild hypothermia in patients with out- 
of-hospital cardiac arrest. Int J Cardiol 2011, 152:321-326. 

8. Bernard S, Buist M, Monteiro 0, Smith K: Induced hypothermia using large 
volume, ice-cold intravenous fluid in comatose survivors of out-of- 
hospital cardiac arrest: a preliminary report. Resuscitation 2003, 56:9-13. 

9. Kim F, Olsufka M, Longstreth WT Jr, Maynard C, Carlbom D, Deem S, 
Kudenchuk P, Copass MK, Cobb LA: Pilot randomized clinical trial of 
prehospital induction of mild hypothermia in out-of-hospital cardiac 
arrest patients with a rapid infusion of 4 degrees C normal saline. 
Circulation 2007, 115:3064-3070. 

10. Kuboyama K, Safar P, Radovsky A, Tisherman SA, Stezoski SW, Alexander H: 
Delay in cooling negates the beneficial effect of mild resuscitative 
cerebral hypothermia after cardiac arrest in dogs: a prospective, 
randomized study. Crit Care Med 1993, 21:1348-1358. 

1 1 . Nozari A, Safar P, Stezoski SW, Wu X, Kostelnik S, Radovsky A, Tisherman S, 
Kochanek PM: Critical time window for intra-arrest cooling with cold 
saline flush in a dog model of cardiopulmonary resuscitation. Circulation 
2006, 113:2690-2696. 

12. Abella BS, Zhao D, Alvarado J, Hamann K, Vanden Hoek TL, Becker LB: Intra- 
arrest cooling improves outcomes in a murine cardiac arrest model. 
Circulation 2004, 109:2786-2791. 

13. Howes D, Ohley W, Dorian P, Klock C, Freedman R, Schock R, Krizanac D, 
Holzer M: Rapid induction of therapeutic hypothermia using convective- 
immersion surface cooling: safety, efficacy and outcomes. Resuscitation 
2010, 81:388-392. 

14. Haugk M, Testori C, Sterz F, Uranitsch (VI, Holzer M, Behringer W, Herkner H: 
Relationship between time to target temperature and outcome in 
patients treated with therapeutic hypothermia after cardiac arrest. Crit 
Care 2011, 1 5:R1 01 . 

15. Planner O, Kurz A, Sessler Dl, Ikeda T, Christensen R, Marder D, Clough D: 
Efficacy of intraoperative cooling methods. Anesthesiology 1997, 
87:1089-1095. 

16. Bernard SA, Jones BM, Home MK: Clinical trial of induced hypothermia in 
comatose survivors of out-of-hospital cardiac arrest. Ann Emerg Med 
1997, 30:146-153. 

17. Oddo M, Schaller MD, Feihl F, Ribordy V, Liaudet L: From evidence to 
clinical practice: effective implementation of therapeutic hypothermia to 
improve patient outcome after cardiac arrest. Crit Care Med 2006, 
34:1865-1873. 

18. Yanagawa Y, Ishihara S, Norio H, Takino M, Kawakami M, Takasu A, 
Okamoto K, Kaneko N, Terai C, Okada Y: Preliminary clinical outcome 
study of mild resuscitative hypothermia after out-of-hospital 
cardiopulmonary arrest. Resuscitation 1998, 39:61-66. 

19. Zeiner A, Holzer M, Sterz F, Behringer W, Schorkhuber W, Mullner (VI, 
Frass M, Siostrzonek P, Ratheiser K, Kaff A, Laggner AN: Mild resuscitative 
hypothermia to improve neurological outcome after cardiac arrest. A 
clinical feasibility trial. Hypothermia After Cardiac Arrest (HACA) Study 
Group. Stroke 2000, 31:86-94. 

20. Hossmann KA: Resuscitation potentials after prolonged global cerebral 
ischemia in cats. Crit Care Med 1988, 16:964-971. 

21. Zhao D, Abella BS, Beiser DG, Alvarado JP, Wang H, Hamann KJ, Hoek TL, 
Becker LB: Intra-arrest cooling with delayed reperfusion yields higher 
survival than earlier normothermic resuscitation in a mouse model of 
cardiac arrest. Resuscitation 2008, 77:242-249. 

22. Noguchi K, Matsumoto N, Shiozaki T, Tasaki O, Ogura H, Kuwagata Y, 
Sugimoto H, Seiyama A: Effects of timing and duration of hypothermia 
on survival in an experimental gerbil model of global ischaemia. 
Resuscitation 201 1, 82:481-486. 



23. 



24. 



25. 



26. 



27. 



Wolff B, Machill K, Schumacher D, Schulzki I, Werner D: Early achievement 
of mild therapeutic hypothermia and the neurologic outcome after 
cardiac arrest. Int J Cardiol 2009, 133:223-228. 

Castren M, Nordberg P, Svensson L, Taccone F, Vincent JL, Desruelles D, 
Eichwede F, (viols P, Schwab T, Vergnion M, Storm C, Pesenti A, Pachl J, 
Guerisse F, Elste T, Roessler M, Fritz H, Durnez P, Busch HJ, Inderbitzen B, 
Barbut D: Intra-arrest transnasal evaporative cooling: a randomized, 
prehospital, multicenter study (PRINCE: Pre-ROSC IntraNasal Cooling 
Effectiveness). Circulation 2010, 122:729-736. 

Kory P, Weiner J, Mathew JP, Fukunaga M, Palmero V, Singh B, Haimowitz S, 
Clark ET, Fischer A, Mayo PH: A rapid, safe, and low-cost technique for 
the induction of mild therapeutic hypothermia in post-cardiac arrest 
patients. Resuscitation 201 1, 82:15-20. 

Vicario SJ, Okabajue R, Haltom T: Rapid cooling in classic heatstroke: 
effect on mortality rates. Am J Emerg Med 1986, 4:394-398. 
Merchant RM, Abella BS, Peberdy MA, Soar J, Ong ME, Schmidt GA, 
Becker LB, Vanden Hoek TL: Therapeutic hypothermia after cardiac arrest: 
unintentional overcooling is common using ice packs and conventional 
cooling blankets. Crit Care Med 2006, 34:S490-494. 



doi:10.1186/cc12518 

Cite this article as: de Waard et al:. Automated peritoneal lavage: an 
extremely rapid and safe way to induce hypothermia in post- 
resuscitation patients. Critical Care 2013 17:R31. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



BioMed Central 



